Pulse labelling of cells with [35S]methionine at different times after infection followed by SDS-PAGE was used to resolve and to identify polypeptides designated as specific to transmissible gastroenteritis virus (TGEV)-infected swine testicular (ST) cell cultures. The major TGEV structural proteins, with apparent molecular weights of 200000 (200K), 47K and 30K were detected in radiolabelled cell extracts by 6 h postinfection. Additionally, a 17K major polypeptide was present in infected cells but not in mock-infected control cultures. Labelling with [3H]glucosamine revealed only the 200K and 30K proteins to be glycosylated. TGEV-primed porcine lymphocytes, secondarily stimulated in vitro with sucrose gradient-purified virus, produced antibody only to the two glycoproteins (gp) indicating that the 17K polypeptide is not a surface feature of the virion. Two pigs were infected oronasally with the virulent Miller strain of TGEV and their sera were analysed by immunoprecipitation. At 25 days postinfection convalescent sera responded strongly to gp30 and gp200 and there was a weak initial response to the 17K polypeptide. Serum immunoglobulins at 60 days postinfection reacted strongly to the 17K protein while the antibody response to gp30 was significantly reduced and that to gp200 was slightly reduced.
INTRODUCTION
Transmissible gastroenteritis virus (TGEV) is a porcine coronavirus that infects and destroys the mature absorptive epithelial cells of the small intestine leading to an often fatal diarrhoea, especially in nursing pigs less than 2 weeks of age (Bohl, 1981) . Adequate passive protection of these piglets during an acute TGEV outbreak occurs by ingestion of maternally derived anti-TGEV antibody in the colostrum and post-parturition milk of TGEV-exposed sows and gilts. Thus, an understanding of viral antigens in naturally exposed or vaccinated sows and the host immune response to these antigens is important in the preparation of therapeutic and prophylactic agents.
Members of the family Coronaviridae share characteristic major structural proteins in the mature virion (Siddell et al., 1983) . In the case of TGEV, these proteins appear as three major bands on SDS-polyacrylamide gels with apparent molecular weights of 200 000 (200K), 47K to 56K and 30K (Garwes & Pocock, 1975; Brian et al., 1984; Hu et al., 1984) . The 47K to 56K phosphorylated nucleocapsid protein is associated with the non-segmented, positive-stranded RNA genome. There are two major virus-encoded envelope proteins: the matrix glycoprotein (30K) which is deeply embedded in the virus envelope and the peplomer protein, a glycoprotein of 200K, which gives rise in electron micrographs to the characteristic corona appearance of the virus.
In this paper we describe the kinetics of appearance of these structural proteins in TGEVinfected swine testicular (ST) cell cultures. Also we have identified an additional major intracellular polypeptide of 17K. This same protein appears consistently as a minor component in sucrose gradient-purified virions and elicited a late humoral immune response in pigs infected with virulent virus. (McClurkin & Norman, 1966) were grown in modified Eagle's MEM (Gibco) supplemented with foetal bovine serum (10~), sodium bicarbonate (0.22~), lactalbumin hydrolysate (0.25 ~), sodium pyruvate (1 x ), and gentamicin sulphate (50 ~tg/ml).
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The Purdue strain (P-115) of swine TGEV was obtained from Dr L. Saif, Ohio Agricultural Research and Development Center, Wooster, Ohio, U.S.A. The virus was plaque-picked four times and passaged twice on ST cells at a m.o.i. <0.1. Stock virus (titres ranged from 0.6 × 107 to 5 × 107 p.f.u./ml) was prepared from infected cell supernatants of the third and fourth passages.
The virulent Miller-11 strain of TGEV was obtained from the National Veterinary Services Laboratory, Ames, Iowa, U.S.A., and used to infect pigs to prepare convalescent antisera. Hyperimmune anti-TGEV swine serum was prepared by giving five intravenous/intramuscular inoculations of a low tissue culture passage of the Miller strain of TGEV. The second exposure to virus was given 1 month after the initial inoculation and subsequent doses were administered at 2 week intervals. The hyperimmune antiserum was collected 2 weeks after the last administration of virus.
Radiolabelling of cell cultures and immunoprecipitation. ST cell cultures as monolayers in stationary phase were infected with approximately 3 p.f.u, of TGEV per cell and radiolabelled with [35S]methionine (New England Nuclear, 1084 Ci/mmol) as follows. At 30 rain before radiolabelling, infected cultures were rinsed and incubated in methionine-free medium, after which [3sS]methionine (100 laCi/ml) was added. Infected cells were radiolabelled from 2 to 4 h at 10 h post-infection. Infected cells were harvested by rinsing three times with phosphate-buffered saline containing 1 mM-phenylmethylsulphonyl fluoride (PMSF, Bethesda Research Laboratories) at 4 °C. Cellular lysates were prepared at 45 °C for 10 min in NET buffer (150 mM-NaC1, 5 mM-EDTA, 50 mM-Tris-HC1 pH 7.5) containing 1 ~ NP40, 1 ~ deoxycholate and 1 mM-PMSF, and the lysate's viscosity was reduced by passage three times through a 26-gauge needle. In order to remove protein aggregates, lysates were centrifuged at 35 000 r.p.m, in a Beckman Ti 70.1 rotor for 30 min at 4 °C and stored at 70 °C. Uninfected ST cells were radiolabelled, and mock lysates were prepared as control samples.
Radiolabelled extracts of TGEV-infected cells (5 × 105 c.p.m.) were twice preabsorbed with normal swine sera bound to Protein A-Sepharose beads (Pharmacia). The extracts were then mixed with anti-TGEV sera bound to Protein A-Sepharose, incubated for 1 h at room temperature and then overnight at 4°C. Bound immune complexes were washed three times in NET buffer containing 1 ~ NP40, 1 ~ deoxycholate and 1 mM-PMSF and twice in distilled water (Bayliss et al., 1983) . Immune complexes were denatured prior to electrophoresis by boiling for 3 min in the presence of SDS and 2-mercaptoethanol. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out in a discontinuous buffer system (Laemmli, 1970) containing 0.1 ~ SDS. Separating and stacking gels contained 12 ~o and 3.5 ~ acrylamide, respectively. High and low molecular weight marker proteins (Bio-Rad) were run on each gel to allow molecular weight estimates of l~belled proteins. Gels were stained with Coomassie Brilliant Blue R250 in 50~ methanol, 10~ glacial acetic acid, and destained by diffusion. Destained gels were treated for fluorography (Chamberlain, 1979) and exposed to preflashed Kodak X-ray film.
Virus purification. ST cells were grown to stationary phase in monolayers in 75 cm 2 tissue culture flasks and infected at an m.o.i, of approximately 3 p.f.u./cell. After adsorption for l h, the inoculum was removed and replaced with serum-free Eagle's MEM. Thirty min prior to labelling, the cells were rinsed and incubated with either methionine-free or glucose-free medium, and then labelled in the appropriate medium with either 25 ~tCi/ml [35S]methionine or 10 ~tCi/ml [3H]glucosamine (Amersham, 40 Ci/mmol). Virus was harvested from the culture supernatant shortly after the first appearance of c.p.e, and the virus was purified essentially as described by Horzinek et al. (1982) . Cellular debris was removed by low-speed centrifugation followed by pelleting of the virus in the Beckman SW28 rotor for 3 h at 25000 r.p.m, at 4 °C. The virus pellet was resuspended in 0.5 ml TES buffer (20 mu-Tris-HC1 pH 7.4, 1 mM-EDTA, 100 mM-NaCI). Labelled virus was recovered from a single peak after centrifugation in a linear 20 to 45~ (w/w) sucrose gradient in TES buffer at 25000 r.p.m, for 3 h in a Beckman SW41 rotor at 4 °C.
In vitro stimulation of primed porcine lymphocytes. Two weanlings pigs (15 to 20 kg) that were seronegative for TGEV-neutralizing antibodies were inoculated wilh the virulent Miller-I 1 strain of TGEV (passed 11 times in pigs) by the intranasal-oral route and both pigs subsequently developed diarrhoea. At 25 and 60 days postinoculation the pigs were killed, spleen and mesenteric lymph nodes were removed and single-cell suspensions (107 cells/ml) were prepared from each tissue in RPMI 1640 culture medium (Wesley et al., 1984) . Cells in duplicate 24-well culture plates were stimulated with 0.05, 0.5 and 5 rtg/ml of purified TGEV; control cultures consisted of primed lymphoid cells without stimulation by the virus antigen. Maximum anti-TGEV antibody was produced between 11 and 14 days after in vitro stimulation (Wesley et al., 1986) . Culture supernatants were pooled, dialysed against phosphate-buffered saline and concentrated approximately 40-fold prior to use as anti-TGEV antibody in immunoprecipitation assays. . Polypeptide 47K was the first to appear in cellular extracts at 4 h post-infection (data not shown) and by 6 h all five major polypeptides were apparent and persisted until protein synthesis was reduced due to extensive c.p.e. Between 6 and 14 h all polypeptides appeared to be synthesized at a relatively constant rate without any apparent shut-off of host cell protein synthesis. Cytopathic effect was first visible in these cells between 12 and 14 h and was extensive by 16 h, resulting in reduced rates of synthesis of both host and viral proteins. A major intracellular polypeptide of 17K was reproducibly resolved as a doublet with the lower components most prominent at 6 and 8 h whereas the upper region predominated at later times after infection. Sera from swine hyperimmunized with TGEV showed that three of the intracellular protein species (200K, 47K and 30K) were immunoprecipitated (Fig. 1, lane 1) from TGEV-infected cell extracts and not from mock-infected cell extracts. The 17K major polypeptide was only weakly immunoprecipitated by this antiserum, and often the 200K protein appeared as a doublet from cell extracts. Fig. 1 (lane 9) shows pulse-labelling with [35S]methionine of the 10 h cytoplasmic lysate followed by a 4 h chase in the presence of excess unlabelled methionine. No processing of the 200K and 30K species was apparent during the 4 h chase period; however, immunoprecipitation of this lysate with hyperimmune antiserum showed a new 40K species appearing (data not shown) which was most probably related to the nucleocapsid protein.
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Polypeptide synthesis in TGEV-infected cells
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Serological response in pigs to 17K polypeptide
Two pigs (nos. 101 and 102) were infected by the intranasal-oral route with the virulent Miller strain of TGEV and their convalescent sera analysed by immunoprecipitation. Fig. 2 shows the serological response to individual TGEV proteins with convalescent sera. At 25 days after infection, both convalescent sera responded strongly to gp30 and to gp200 and there was a weak initial response to the 17K polypeptide. By 60 days, the serum of pig 102 reacted strongly to the 17K protein while the antibody response to gp30 was significantly reduced and that to gp200 was slightly reduced. In an attempt to determine whether the 17K polypeptide was on the surface of TGEV, primed lymphocytes from pig no. 102 at 60 days post-infection were secondarily stimulated in vitro with sucrose-purified virus. As shown in Fig. 2 , convalescent antiserum obtained from this pig at 60 days responded strongly to the 17K protein, and therefore, it was assumed that mesenteric lymph node lymphocytes should be primed to respond to this antigen in vitro. Mesenteric lymph node lymphocytes were stimulated with sucrose-purified virus, and after 11 days of culture, supernatant fluids were concentrated and tested for antibody to TGEV by immunoprecipitation (Fig. 4) . Antibody produced in vitro was specific for the gp200 and gp30 glycoproteins in TGEVinfected cell extracts and aot in uninfected cell extracts. This experiment suggests that gp200 and gp30 were the only major exposed antigens on the virus surface.
DISCUSSION
Pulse labelling of cells with [35S]methionine at different times after infection and SDS-PAGE were used to identify a prominent 17K polypeptide designated as specific to TGEV-infected ST cell cultures. It is synthesized late in such cells and its synthesis parallels that of the other TGEV structural proteins. It is not a virus-induced host cell protein, because convalescent sera from two pigs infected oral-nasally with intestinal homogenates of virulent TGEV demonstrated a late immune response to this intracellular protein that was strongest at 60 days after infection. Labelling with [3H]glucosamine revealed the 17K polypeptide not to be glycosylated. Secondary in vitro stimulation of TGEV-primed porcine lymphocytes with sucrose gradient-purified virus did not elicit a response to the 17K protein, suggesting either that it is not a surface feature of the virion or that the antigenic mass was insufficient to stimulate primed lymphocytes. Autoradiograms from four separate purifications revealed that some 17K did co-purify with gradient-purified, [35S]labelled virus, indicating that it is a minor component of the mature virion.
The polypeptides of some coronaviruses have been characterized and the nucleotide sequences encoding the structural proteins have been determined. The peplomer, nucleocapsid and matrix proteins are the structural virion components characteristic of all members of the family Coronaviridae, but other minor polypeptides have been reported to be associated with either the virion or infected cell culture. Horzinek et al. (1982) reported a minor 21K polypeptide associated with sucrose-purified TGEV. Hu et al. (1984) indicated that TGEV polypeptides of 14K and 25K might be encoded by mRNAs 3 and 4. The TGEV 17K antigenic polypeptide reported in this study and the small 14K polypeptide reported by Hu et al. (1984) might be functionally analogous to other 14K to 15K polypeptides reported for avian and murine coronaviruses. For the avian coronavirus, infectious bronchitis virus (IBV), a 14K polypeptide. is consistently associated with purified virions but whether it is a minor structural component is subject to conjecture (Cavanagh, 1981; Lomniczi & Morser, 1981; Stern et al., 1982) . The regions of the genome encoding IBV structural proteins have been sequenced and open reading frames for the peplomer, nucleocapsid and matrix proteins have been identified at the 5' end of a 'nested set' of RNA transcripts. Only mRNA D has an open reading frame at the 5' terminus large enough to code for a potential hydrophobic polypeptide of about this size (Boursnell et al., 1985) . In the case of the murine hepatitis coronavirus, a 14K to 15K intracellular polypeptide was identified in virus-infected cultures and the protein is encoded at the 5' end of mRNA 4 (Siddell et al., 1981 ; Skinner & Siddell, 1985) . This is a positively charged, hydrophobic protein which is non-structural in nature. Skinner & SiddeU (1985) suggest that it might complex with viral RNA at membrane surfaces to aid in virus transcription and replication. It is not known whether the murine coronavirus polypeptide is antigenic in infected mice.
The reason for the late immune response to the 17K polypeptide is not known. Presumably there is a slow accumulation of antigenic mass following pig infection. Our results indicate that this protein is not on the surface of the released virus, but is a major intracellular protein in infected cells. During the course of a TGEV infection the virus destroys the mature villous epithelial cells of the small intestine, and also is easily recovered from infected lung cells (Furuuchi et al., 1978/9; Laude et al., 1984) . The infection of intestinal epithelium is brief and virus is shed for only a few weeks. Thus, stimulation with TGEV antigens at the gut mucosal surface ceases after 2 to 3 weeks and does not explain the late humoral response to the 17K antigen. On the other hand, a more chronic and persistent course of infection in respiratory tissues (Underdahl et al., 1975) may possibly explain the late immunological response to this sequestered 17K antigen. Indeed, in six of eight pigs infected with virulent TGEV, convalescent antisera immunoprecipitated this protein. In all cases, the reaction was stronger during the second 30 day period than during the first 30 days.
